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Three main projects
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A: Mixing in neutron star merger ejecta

B: Shock Cloud Interaction

C: Exploding a star with a thermal bomb
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Project A: Mixing in neutron star merger ejecta



Project A: Mixing in neutron star merger ejecta

Mergers of two neutron stars can result in a variety of outcomes, depending on
the initial state of the system and the yet-unknown nuclear EoS

— different post-merger GW signals & EM emissions
both were detected in GW170817!

Inspiral Merger GW phase Viscous phase Spin down

~1 ms ~10-20 ms ~0.1-1s >10s
(’\} ’\
h_,/

M1, M3, EOS

— —

Hypermassive NS

Coy,
[From D. Radice] )
DSB

Black hole Stable NS



Project A: Mixing in neutron star merger ejecta

Different outflow components:

[Modified from Fujibayashi+ 2017]

Type of ejecta Mass (M) Vei/c
Dynamical ejecta O(10~>) ~ 0.2

Early viscosity-driven ejecta ~ 1072 (ryis/0.02)  ~ 0.15 — 0.2
Late-time viscosity-driven ejecta (polar) ~ 1073(t, /s) ~ 0.15
Late-time viscosity-driven ejecta (equatorial) > 1072 ~ 0.05

Y. Direction Duration

0.05-0.5 @& = 20° t — tmerge S 10ms
0.2-0.5  6230°  t— tmerge <0.15
0.4-0.5% @4 < 30° t — tmerge ~ Ty ~ 10s
0.2-0.4* 6 = 30° t — tmerge ~ 1-10s

Y. and v,; can depend on the outflow drection

(Ye = ne/np)

[Kasen+ 2017]

Squeezed dynamical
0.2¢c-0.3c

Tidal dynamical
v = 0.26-0.3¢

Disk wind
v<0.1c




Project A: Mixing in neutron star merger ejecta

Velocity shear drives instability at the interface of two fluids, which then generates
fluid mixing — Kevin-Helmholtz instability

Kehin-Helmholtz Instabilities: Numerical Methods | P... K.H Instability Test Page Kelvin Helmhaoliz instability Clouds Wav... Kelvin-Helmholtz instability (OpenFOAM) - S... Kelvin-Helmholtz instability: Flowsguare 4.0 - YouT... Measurements of Kelvin-Helmholtz w...
tapir.caliech.edu astro.princ eton.edu (|é::C§IlI'OIC 5.Ccom SErso .'.-.-eehl-,'.:c m youbuspe.com eas.org

Kelvin-Helmholtz instability kelvin Helmholtz Clouds | Amusing Planet Kelvin-Helmholtz instability ... The evolution of large and small-s... rumerical solution of Ke... Fact of the day #1 : Kelvin - Helmholtz ..

mafija_fmf.uni-lj.si amusingpanet com liquifun.wordpress. com link.springer.com researchgate._net Steemit.com
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Magnificent example of Kelvin-Helmhokiz instability from __. Kelvin—Helmholtz instability - Wikipedia Keh,

Helmholtz instability - Wikiwand Kelvin-Helmholtz instability




Project A: Mixing in neutron star merger ejecta

Merger ejecta not only simply expand and cool, but also receive energy inputs
due to the decay of unstable heavy r-process nuclei (how the gold was made)

— composition-dependent nuclear heating
high Y.: stronger earlier heating but last for a shorter time

low Y,: weaker earlier heating but last for a longer time
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Does this affect the mixing?



Project A: Mixing in neutron star merger ejecta

Toy model (I): 2D simulation of two fluids moving in positive x-direction with
different velocities
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Project A: Mixing in neutron star merger ejecta

Toy model (I1): 2D simulation of two fluids moving in positive x-direction with
different velocities, plus different heating rates
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Project A: Mixing in neutron star merger ejecta

Things that you may explore:
— different velocities v; and vo
— different heating rates ¢; and ¢»
— different initial densities or temperatures
— inhomogeneous or time-dependent heating rate

— any set-up beyond two fluids!
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Project B

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Project B: Shock Cloud Interaction

Interaction between shock and material iIs one
of the most common astrophysical phenomena.

Shock: SN shock, outflow, jet, winds, ...etc.
Cloud: Star, ISM, IGM

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Project B: Shock Cloud Interaction

shutterstock.com « 578226307

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Project B: Shock Cloud Interaction
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Shock + RSG

Simulations of the bow shock
around the red supergiant star
Betelgeuse (Mohamed et al. 2012),
used as a cover image by

Astronomy & Astrophysics.

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU 4
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Project B: Shock Cloud Interaction

Modelling the bow shock Pulsar Wind Nebulae propagating through a non-uniform ISM - Toropina, O.D. et al. Mon.Not.Roy.Astron.Soc. 484 (2019) no.2, 1475-
1486 arXiv:1803.06240 [astro-ph.HE]
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Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Project B: Shock Cloud Interaction
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Project B: Shock Cloud Interaction

Things that you may explore:

e Different initial density distribution
e Explore different inflow speed

o Explore different geometry

e Time/Location dependent inflow
e Radiative cooling

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Stars are atoms of Cosmos




Temperature-Density Diagram of Stellar Evolution
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life of Massive Skars

Advanced Nuclear Burning Stages
(e.g., 20 solar masses)
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Deakhh ot Massive Skars

When Massive Stars Die,
How Do They Explode?

— |

Neutron Star Neutron Star Black Hole
+ + +
Neutrinos Rotation Rotation

Colgate and Whate (1966)
Armett Hoyle (1946) Bodenheimer and Woosley (1983 |

Wilson Fowler and Hoyle (1964) Woosley (1993)
Bethe LeBlanc and Wilson (1970) MacFadyen and Woosley (1999)
Janka Ostriker and Gunn (1971) Narayan (2004)
Herant Bisnovatyi-Kogan (1971)
Burrows Meier
Fryer Wheeler
Mezzacappa Usov All 0 fthe above?
etc. Thompson
etc
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nerqgy Source,

Neutrino Burst Properties:

M=15M_

erg R=10km

emitted roughly equally in v_, v

Time scale

T —~ R_2 ]—L
"o lle Kp

K, ~10"°cm’® gm™ for g, = 50 MeV (next page)
p~3x10¥ gmem®> = I~ 30cm R ~20 km
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Hupernovae

W\ ‘/.‘,
A
= 1\

-

\

|

| — .
)
fu—

.

b

"~ -‘."S‘T.'.
“\. 4
"'%?‘:‘.E
B\ Y
it
R |
|i 3

1
= iml
L=t Al

R

L. 2N

N
\\

4&

(N

4

al 2007, ApJ. 664, 416

\

l
\

}/ AN
Surrows et al 2




Energy Sources

Assuming the emission of high amplitude ultra-relativistic
MHD waves. one has a radiated power

P~6x10% (1 ms/P)* (B/10" gauss)® ergs”

and a total rotational kinetic energy

E._ ~4x10” (1 ms/P)* (10 km/R)’ erg

For magnetic fields to matter one thus needs magnetar-like

magnetic fields and rotation periods (for the cold neutron

star) of < 5 ms. This is inconsistent with what is seen in
common pulsars. Where did the energy go?




GRRB and vaermova

Pssudocolor
Var: densily

—— '}

. 0.]0
. oooin 200 |

— 1.0e-05
Max: 53e+08 |
Min: 83e-06 100

300 |

-300 -200 -100 0 100 200 300
R-Axis (x10°9 cm)



Project C
Blowing up a star with Flash

Explosion Energy E~1ef0- les2 erg?

Size and shape of the energy
deposi&iom area?

Properties of surrounding ISM and
ibs density/ftemperature/... prof&i.e;?

S&ri,pecl Envelope SNe?
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Project A

e /setup LocalKilonova -2d -auto -
maxblocks=4000

—QUIRES Driver

-QUIRES physics/Hydro

FQUIRES physics/Eos

—QUIRES physics/Eos/EosMain/Helmholtz

—QUIRES Simulation/SimulationComposition/LocalKilonova
FQUIRES physics/source Terms/Heat/HeatMain/LocalKilonova

N N U U U

flash4, flash.par, SpeciesList.txt, helm_table.dat

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU



] =y o

NATIONAL TSING HUA UNIVERSITY

PRPC-
— = "

PHYSICS RESEARCH PROMOTION CENTER

Project A

leS 4 o

with Heating
v = 0.3c¢
w=0.1c

t =50.0 ms 100 km

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, loA, NTHU
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Project B

e /setup SchoolProject? -2d -nxb=16 -nyb=16
-auto -maxblocks=4000

REQUIRES Driver

REQUIRES physics/Hydro

REQUIRES physics/Eos

REQUIRES Grid/GridBoundaryConditions/OneRow

flash4, flash.par

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Project B
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Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Project C

e /setup ThermoBomb -2d +cylindrical -maxblocks=4000
-NXb=8 -nyb=8 -auto -objdir bomb +newMpole

REQ
REQ
REQ
REQ
REQ
REQ

RES
RES

q
q
:%

ES
=S

=S

Driver

D

O
O

nysicalConstants/PhysicalConstantsMain
nysics/Hydro

nysics/Eos/EosMain/Helmholtz

O/IOMain
RES Simulation/SimulationComposition/H-He-C

flash4, flash.par, s15_flash, SpeciesList.txt, helm_table.dat

Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, oA, NTHU
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Project C
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Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, loA, NTHU
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Numerical Astrophysics Summer School: Computational Astrophysical Fluid Dynamics, 2019.09.04, loA, NTHU
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